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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S206Results: The CS/UA solutions did not lead to inﬂammasome activation by
THP-1macrophages (datanot shown).MSU100mg/ml consistently resulted
in increased IL-1b production by macrophages; this IL-1 b productionwas
inhibitable by the caspase-1 inhibitor (at concentrations of 1 mMor greater)
conﬁrming activation of the inﬂammasome as the source of this cytokine
(data not shown). CS decreased IL-1 b production in both the LPS andMSU
treatment groups. While there was a trend toward a decreased inﬂam-
matory response at 6 hours, increasing doses of CS resulted in a signiﬁcant
dose-dependent inhibition of IL-1b production from macrophages by 24
hours (p-value¼0.0165 by linear trend analysis, see Figures 1a and 1b).
Conclusions: High concentrations of highly pure bovine CS do not
appear to facilitate formation of pro-inﬂammatory uric acid micro-
particulates or microcrystals formation. In contrast, CS can decrease IL-
1b production in a dose-dependent manner at physiologically achiev-
able concentrations of CS. The anti-inﬂammatory mechanism of CS
appears compatible with inhibition of inﬂammasome activation.
Additional research is required to further elucidate the speciﬁc means
by which this anti-inﬂammatory effect is mediated.
Acknowledgments: This study was supported by Bioibérica (Barcelona,
Spain), NIH 5T32AI007217-30 (EO) and P01 AR050245.
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BATTLING LOW BACK PAIN WITH NOVEL NP CELL MODELS
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Purpose: Chronic spinal pathology is related to degeneration of the inter-
vertebral disc. Although its exact etiology is unclear, early loss of highly
specialized cells in thenucleus pulposus (NP) has been associatedwithdisc
degeneration.AthoroughunderstandingofNPcelldevelopment is required
to design strategies to combat disk degeneration. The origin of cells in the
NP is under debate: NP cells originate from a different embryonal lineage
than articular chondrocytes and may comprise multiple functionally
distinct cells. In vitro standardized cell models for basic molecular studies,
are crucial for progress in intervertebral disc research. Herewe present the
ﬁrst clonal cell lines derived from the human nucleus pulposus.
Methods: Non-degenerated human disc material was obtained from
young adolescent donors as surgical surplus material. We immortalized
early passagemonolayer cultures by retroviral expression of the SV40LTAg
and hTERTgenes. Cell clones were obtained by a limiting dilution method
and screened for NP phenotype characteristics. Chondrogenic induction
was carried out using ITS, ascorbic acid and TGFb3 in monolayer, pellet
culture, alginate beads or aggrecan coated plates.
Results: Two distinct cellular subtypes were identiﬁed among clonally
expanded immortalized NP cell-pools (Figure 1A). These subtypes differ
in their ability to respond to chondrogenic differentiation conditionsFigure 1. NP cell clone characteristics. A) phase contrast images of representative
monolayer cultured NP subtypes. Bar indicates 20 microns. B) Gene expression of CA12,
FOXF1 and KRT19 in a monolayer differentiation assay. White bars: t¼0 ; black bars: t¼
7 days differentiation medium (DM). C) Representative responder and non-responder
clones were seeded on aggrecan coated plates in combination with control or DM. Fold
induction is shown, compared to non adhered cells for: SOX9, COL2A1, AGC1 and
COL1A1 is shown. Housekeeper is bActin.(responder versus non-responder) based on Collagen type II and SOX9
protein expression (data not shown). Responder clones, characterized
by awave-like cell organization, expressed high levels of established NP
markers CA12, FOXF1 and KRT19 (Figure 1B. right panel). Non-responder
clones, displayed a cobble-stone phenotype and displayed signiﬁcantly
less expression of NP cell markers (Figure 1B, left panel). Stimulation
with chondrogenic differentiation medium decreased expression of
CA12, FoxF1 and KRT19 (Figure 1B, black bars) and induced COMP
expression. To evaluate the effect of deﬁned culturing conditions on the
NP phenotype, we compared monolayer, alginate bead, pellet and
aggrecan coating cultures. Surprisingly, we found that aggrecan coating
induced the highest fold induction of COL2A1, SOX9 and AGC1 mRNA
expression in both NP subtypes (Figure 1C). In addition, aggrecan coating
uniquely induced CA12, FoxF1 and KRT19 expression, while differenti-
ation medium generally suppressed this effect. In contrast, alginate bead
or pellet culturing induced COL2A1 and SOX9 expression but failed to
induce AGC1, CA12, FoxF1 and KRT19 in NP cell clones.
Conclusions:We report the ﬁrst clonal cell lines representing the human
nucleus pulposus. Our phenotypic analyses show that the immortalized
cell clones correspond to their primary cell isolates and aggrecan coating
may provide an important niche factor in the context of NPdifferentiation
thanTGFb3 stimulation. Elucidating theNPcellularphenotype is expected
to result in development of tailored tissue engineering or regenerative
medicine approaches for NP-related spinal pathologies.
This research forms part of the Project P2.01 IDiDAS of the research
program of the BioMedical Materials institute, cofunded by the Dutch
Ministry of Economic Affairs, Agriculture and Innovation.
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Purpose: Osteoarthritis (OA) is a slow-developing, degenerative disease
characterised in part by structural deterioration of joint tissues. Visu-
alising and quantifying this change over short time periods would assist
early diagnosis and treatment strategies in clinic. Three dimensional
(3D) imaging methods such as micro-computed tomography allow for
a rapid and accurate evaluation of joint tissues in preclinical animal
models. The challenge, however, is to develop comprehensive methods
to sensitively discriminate between healthy and OA diseased joints. The
aim of this work is to demonstrate that measures of joint structural
alteration - namely, joint alignment, structural bone change, and
contact area - can sensitively discriminate between healthy and
diseased joints using a 3D imaging approach.
Methods: Eight 3-month old male Wistar rats underwent medial
meniscectomy/anterior cruciate ligament (ACL) desmotomy on one
knee (OP), where the non-operated contralateral joint served as
a control (NO). Animals were sacriﬁced 6 weeks post-operatively, the
joint space was ﬁlled with a contrast agent, and then scanned using
micro-computed tomography (mCT40, SCANCOMedical AG; 10 mmvoxel
size) [1]. Scans were processed and rotated to a common orientationFigure 1. The distance (l) and orientation (a, b, g) of the centre of mass of the femur
relative to the tibia. Results indicate increased joint instability with disease.
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S207fromwhich whole joint changes based on displacement and orientation
could be calculated. The cartilage was manually segmented. A univar-
iate analysis of variance was used to test signiﬁcant differences (p <
0.05) between the OP and NO joints.
Results: Evaluation of distance (l) and orientation (a, b, g) of the centre
of mass of the femur relative to the tibia (ﬁgure 1) was performed.
The results showed a signiﬁcant increase in OP angles, (a: 6.5, b: 3.9 , g:
4.8) compared to NO (1.1, 1.1, 1.1), demonstrating a marked increase in
joint instability. Similarly, the standard deviation of l was signiﬁcantly
different; 0.05 and 1.67 mm, for NO and OP respectively. The average
inclination of themedial femoral condyle,s, and the average inclination of
the line joining the condyles, r, was calculated (ﬁgure 2a,b). Deviations
were signiﬁcantly different forOP andNO,s: 74.3  6.4 and 86.1 2.8,
and r: 7.7  7.2 and 1.3  1.2 , respectively, indicating altered bone
structure, the presence of osteophytes, and an increasing varus tilt in OP.
Although it is clear that meniscectomy/ACL desmotomy certainly
contributed to the change in joint axes and mass centre, the fact that this
instability can be precisely measured provides a powerful tool for assess-
ment of the progression of OA. Finally, the loaded joint contact area was
calculated, and showedadecrease in the lateralplateau,1.18and0.42mm2,
for NO and OP, respectively, ﬁgure 2c-d. This ﬁgure demonstrates the
shifted contact regionswith altered joint alignment and stability in the OP
joints, alongside a visible loss of cartilage in the medial tibial plateau.
Figure 2. The average inclination of the medial femoral condyle, s, and the average
inclination of the straight line joining the local minima, r for (a) the contralateral, NO, and
(b) operated, OP, joints. Results demonstrate altered bone structure, the presence of
osteophytes (arrowheads), and an increasingvarus tilt in (b). (c-d) Contact areaon the tibial
plateau under load exerted by the femoral condyles for a typical (a) non-operated and (b)
operated tibia. Cartilage is shown in green and the contact area is coloured red. A shifted
contact region and destruction of medial condyle cartilage can also be observed.
Conclusions: In this work we have demonstrated quantitative and
sensitive metrics for a preclinical trauma-OA animal model using a 3D
approach. These metrics provide reliable measures for preclinical
research to discriminate between OA diseased and healthy joints. The
data clearly suggests that OP joints are signiﬁcantly less stable and show
altered bone structures. The whole-joint analysis provides a thorough
examination of local bone adaptation, cartilage degeneration, and
altered joint contact. Future work will focus on scaling these methods
for medium and large preclinical animal models, as well as correlating
these new metrics with standard radiological measures.
Acknowledgement: Swiss Commission for Technology and Innovation
(CTI), Grant No 9853.1.
References: [1] Steiner, T.H et al, Osteoarthr Cart, 20(S1):S50-S51, 2012.
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DECREASED PROTEOGLYCAN DEGRADATION IN IL-1b-TREATED
CARTILAGE CO-CULTURED WITH TIMP-3-TRANSDUCED CELLS
J. Mason, A. Donahue, A. Yoskowitz, D. Richardson. Univ. of
Pennsylvania, Kennett Square, PA, USA
Purpose: In the degenerative environment of osteoarthritis (OA), the
enzymes responsible for the degradation of aggrecan, a majorproteoglycan of cartilage are up-regulated. These aggrecanases degrade
the glycosaminoglycans (GAGs) within the proteoglycan protein. Tissue
Inhibitor of Metalloproteinases (TIMPs) normally maintain this enzyme
activity within normal limits, but increased production of aggrecanases
has been observed in cartilage affected by OA. In the current experi-
ment, we up-regulated full-length TIMP-3 protein signaling in situ,
through introduction of a TIMP-3 transgene in a monolayer-cell/carti-
lage-tissue co-culture model. We hypothesized that in situ up-regula-
tion of cell-produced, full-length TIMP-3 protein would decrease
proteoglycan degradation.
Methods: We co-cultured cartilage biopsies with TIMP-3-stably-
transduced HEK cells and recombinant adeno-associated viral vector
(rAAV-TIMP-3)-transduced equine fetal ﬁbroblasts. TIMP-3 cells were
plated in 12-well co-culture plates at 1.0E+05 cells per well in serum-
free media. Equine cartilage biopsy tissue was added to the plates with
or without IL-1b (10ng/ml) and with or without rhTIMP-3 protein
(100ng/ml). Media and cartilage samples were collected after being
exposure to a protease inhibitor and were stored at -80C until
analyzed. Glycosaminoglycan content was analyzed with a standard
DMMB assay. Aggrecanase activity was analyzed with a Sensitive
Aggrecanase ELISA assay.
Results: In four days of serum-free culture, the amount of GAG remaining
in cartilage biopsieswas increased byculturing the cartilagewith rhTIMP-
3 protein. Co-culturing the cartilage biopsies with HEK-TIMP-3 cells and
rAAV-TIMP-3-transduced fetal ﬁbroblasts further increased the
percentage of GAG retained in the cartilage. Aggrecanase activity, as
measured by the concentration of ARGSVIL aggrecan fragments in co-
culture conditionedmediawas decreased by the presence of TIMP-3 cells.
Conclusions: Preservation of GAG in cartilage biopsy tissue was
observed when the tissue was co-cultured with 1) a stably-transduced
TIMP-3-HEK cell line, 2) with rAAV-TIMP-3-transduced fetal ﬁbroblasts
and 3) with rhTIMP-3 protein. TIMP-3-transduced cells produced
protective effects greater than rhTIMP-3 protein alone. These observa-
tions present the possibilities of an in vivo therapeutic treatment with
a rAAV-TIMP-3 vector alone or with transplantation of TIMP-3-trans-
duced cells.
Figure 1. Glycosaminoglycan changes in articular cartilage before and after in vitro-
culture. IL-1b signiﬁcantly decreased the amount of GAG contained in cartilage post-
culture. Error bars represent SE.
Figure 2. Glycosaminoglycan changes in articular cartilage exposed to TIMP-3. Co-
culture with TIMP-3-transduced cells signiﬁcantly increased the amount of GAG con-
tained in IL-1b-cultured cartilage. Error bars represent SE.
